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(57) ABSTRACT

A method and apparatus for dynamically managing instruc-
tion buffer depths for non-predicted branches reduces wasted
energy and resources associated with low confidence branch
prediction conditions. A portion of the instruction butfer for a
istruction thread 1s allocated for storing predicted branch
instruction streams and another portion, which may be zero-
s1ized during high prediction confidence conditions, 1s allo-
cated to the non-predicted branch instruction stream. The size
of the butlers 1s adjusted dynamically in conformity with an
on-going prediction confidence that provides a measure of
how well branch prediction mechanisms are working for a
given 1nstruction thread. An alternate instruction fetch
address table can be maintained and multiplexed with the
main fetch address register for addressing the instruction
cache, so that the instruction stream can be quickly shifted to
the non-predicted path when a branch 1nstruction 1s resolved
to the non-predicted path.
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METHOD AND APPARATUS FOR
DYNAMICALLY MANAGING INSTRUCTION
BUFFER DEPTHS FOR NON-PREDICTED
BRANCHES

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates generally to processors and
computing systems, and more particularly, to a processor
having branch prediction mechanisms, 1n which the depth of
instruction butfers for predicted and non-predicted branches
are dynamically adjusted.

2. Description of the Related Art

Present-day high-performance microprocessors include an
instruction fetch unit (IFU) that fetches, decodes and dis-
patches 1nstructions for execution by other processor core
functional units. Instruction streams are sequentially fetched
until execution 1s re-directed. A common example of such
re-direction 1s a branch instruction. The branch may be
“taken”, which causes a non-sequential fetch, or “not taken”,
in which instruction fetching continues past the branch
istruction. In a branch-predicting processor, instruction
streams are pre-fetched according to a prediction of whether
a branch will be “taken” or “not taken”. Various mechanisms
have been used to determine whether a branch will be taken to
ensure that the correct path 1s fetched. When a branch instruc-
tion 1s predicted as “taken”, the current instruction fetch path
1s re-directed to a new target address, and the instruction
tetching proceeds linearly from the new target address. When
the branch mstruction 1s predicted as “not taken™, the mnstruc-
tion fetchuing 1s not redirected.

As 1nstructions are fetched, they are typically stored 1n an
instruction buifer (IB). Instructions are then removed from
the 1B, decoded and then sent to an instruction dispatch unit
(IDU), which dispatches the instructions for execution by
various lunctional units within the processor. When a branch
instruction 1s executed, a branch processing unit (BU) deter-
mines whether or not the branch path was predicted correctly,
and 11 the prediction was correct, no mterruption 1n instruc-
tion sequence occurs. However, 1f the branch was mis-pre-
dicted, the current fetch path must be abandoned and the
sequence ol execution re-directed to the non-predicted
branch path. Several penalties are incurred, including the time
required to redirect the instruction sequence, the time
required to flush the mis-predicted entries, and the power and
thread resources wasted on fetching and preparing to execute
the 1nstructions on the mis-predicted path.

The amount of resources and processing power wasted on
mis-prediction can be reduced by disabling predictive execu-
tion and stalling the pipeline pending resolution of each
branch 1nstruction. However, such behavior negates the
advantage provided by branch prediction, that of providing a
tull instruction pipeline for full processor performance, with
the pipeline being correctly filled most of the time.

It 1s therefore desirable to provide a methodology and a
microprocessor that reduce the amount of resources and
energy wasted on branch mis-prediction, while keeping the
instruction pipeline full for full processing performance.

SUMMARY OF THE INVENTION

The objective of providing a processor that reduces
resources and energy wasted on branch mis-prediction, while
retaining the advantages of branch-predicting instruction pre-
tetch 1s provided 1n a processor and method of operation of
the processor.
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The processor includes a control unit that measures the
quality of branch predictions for a given instruction thread,
and dynamically adjusts the sizes of mnstruction bufler por-
tions that store both the predicted branch and the non-pre-
dicted branch instruction streams. The buller portion sizes are
adjusted 1n conformity with a measured branch prediction
confidence, so that when the branch prediction confidence for
a grven istruction thread 1s high, the builer portion for the
non-predicted mstruction stream 1s lowered and can be set to
zero under high confidence conditions. The relative sizes of
the butler portions can be dynamically varied for individual
threads 1n a multi-threaded environment, so that for threads
encountering low branch-prediction confidence intervals,
more butler space 1s allocated for non-predicted branch path.

The foregoing and other objectives, features, and advan-
tages of the mvention will be apparent from the following,
more particular, description of the preferred embodiment of
the invention, as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the invention
are set forth i the appended claims. The mvention 1tsellf,
however, as well as a preferred mode of use, further objec-
tives, and advantages thereof, will best be understood by
reference to the following detailed description of an illustra-
tive embodiment when read 1n conjunction with the accom-
panying drawings, wherein like reference numerals indicate
like components, and:

FIG. 11s a block diagram of a system 1n accordance with an
embodiment of the mnvention.

FIG. 2 1s a block diagram of a processor 10 1n accordance
with an embodiment of the invention.

FIG. 3 1s a pictorial diagram depicting processor pipeline
istruction tlow within a processor i accordance with an
embodiment of the present invention.

FIGS. 4A and 4B are pictorial diagrams showing exem-
plary 1nstruction builer allocations within processor 10 of
FIG. 2.

FIG. 51s a flowchart depicting a method 1n accordance with
an embodiment of the present invention.

(Ll

DESCRIPTION OF ILLUSTRATIV.
EMBODIMENT

The present invention concerns methodologies and proces-
sor circuits that provide buffering for both predicted and
non-predicted instruction streams for branch instruction
paths. In the present invention, the bufler size for the pre-
dicted and non-predicted instruction paths 1s dynamically
varied 1n conformity with a measurement of the confidence in
the branch predictions. The confidence measurement may be
made 1n a number of ways, but generally provide a measure-
ment of the correct predictions versus the incorrect predic-
tions made by the branch prediction circuits.

With reference now to the figures, and in particular with
reference to FIG. 1, there 1s depicted a block diagram of a
system 1n accordance with an embodiment of the present
invention. The system includes a processor group 5 including
multiple multi-threaded processors 10A-D that may be con-
nected to other processor groups via a bridge 7 to form a large
scalable processing system. The present invention may be
practiced within a single processor that supports simulta-
neous multi-threading, a single-threaded processor, or in mul-
tiple processors within a large-scale system, such as that
illustrated in F1G. 1. The present invention provides improved
performance by dynamically allocating space to non-pre-
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dicted instruction streams that follow branch instructions.
The amount of space allocated for non-predicted 1nstruction
streams 15 varied according to a branch prediction metric that
indicates branch prediction confidence.

Processor group 5 1s connected to an L3 cache unit 6,
system local memory 8 and various peripherals 4, as well as to
a service processor 2. Service processor 2 can provide fault
supervision, startup assistance and test capability to proces-
sor group 5 and may have a dedicated interconnect path to
other processor groups as well as interconnecting to each of
processors 10A-D. Processors 10A-D provide instruction
execution and operation on data values for general-purpose
processing functions. Bridge 7, as well as other bridges
within the system provide communication over wide buses
with other processor groups and bus 35 provides connection
of processors 10A-D, bridge 7, peripherals 4, .3 cache 6 and
system local memory 8. Other global system memory may be
coupled external to bridge 7 for access by all processor
groups.

Processors 10A-D are simultaneous multi-threaded (SMT)
processors capable of concurrent and speculative execution
of multiple threads. Each of processors 10A-D includes
execution resources to support multiple streams of simulta-
neous execution, 1.e. multiple instruction threads and further
includes control circuitry (hardware) that determines the
quality of branch prediction for each instruction thread, and
alters the size of instruction builers provided for non-pre-
dicted 1nstruction streams upon determimng that branch pre-
diction for that instruction thread is not proceeding efli-
ciently.

Referring now to FIG. 2, details of a processor 10 having
features 1dentical to processors 10A-D are depicted. A bus
interface unit 23 connects processor 10 to other SMT proces-
sors and peripherals and connects .2 cache 42, .1 Dcache 22
for storing data values, L1 Icache 20 for storing program
instructions and cache mterface unit 21 to external memory,
processors and other devices. L1 Icache 20 provides loading,
of instruction streams in conjunction with instruction fetch
unit IFU 16, which fetches instructions and include storage
for instruction streams in an instruction buiier (IB) 28. A
dispatch unit 12 controls sequencing of instructions 1ssued to
various internal units such as a fixed point unit (FXU) 14 for
executing general operations and a floating point unit (FPU)
15 for executing floating point operations.

Fixed point unit 14 and floating point unit 15 are coupled to
various resources such as general-purpose registers (GPR)
18A, floating point registers (FPR) 18B, condition registers
(CR) 18C and rename buffers 18D. GPR 18A and FPR 18B
provide data value storage for data values loaded and stored
from L1 Dcache 22 by load store unit (LSU) 19. Rename
butilers 18D (which may comprise several rename units asso-
ciated with the various internal execution units) provides
operand and result storage for the execution units. IFU 16
receives direction from a program control unit/thread table
unit (I'TBL/PCU) 24 that contains settings for managing,
thread execution, such as thread priority and per-thread con-
trol information so that IFU 16 can be directed to load an
instruction sequence that represents the allocation of execu-
tion resources among the multiple instruction threads execut-
ing within processor 10. TTBL/PCU 24 1s responsible for
determining which instruction thread(s) receives the most
processing cycles, instruction fetch cycles and/or execution
time slices, depending on what particular method 1s used to
sequence the instructions between threads.

The 1nstruction execution pipelines of present-day super-
scalar processors such as processor 10 are very deep (for
example, 25 or more clock cycles may be required for an
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4

instruction to clear the pipeline), and for simplicity, resolu-
tion of branch conditions has generally been handled very late
in the pipeline, when the condition register value upon which
the branch instruction depends 1s assured to be 1n the resolved
state. In addition, there i1s generally a finite and significant
physical and electrical distance between the branch predic-
tion unit and the umt resolving the branch condition. There-
fore, eveniithe branch condition 1s actually known at the time
a conditional branch 1s decoded, branch processing unit 26
generally still predicts the outcome of the branch using
branch history table 25 and dispatches the instructions fol-
lowing the predicted path of the branch speculatively. It a
branch prediction 1s incorrect, the pipeline resources allo-
cated for the predicted instruction stream must be flushed, and
all of the power and resources associated with the incorrectly
predicted branch path that was loaded into the pipeline are
wasted. In the present invention, the wasted resources and
power are reduced for branches for which prediction has a low
confidence, e.g., those branches for which the “branch taken™
and “branch not-taken” probabilities both approach 50%. The
reduction 1n power consumption and resource conservation
occurs because the instructions fetched ahead of a predicted
taken branch, which would ordinarily be flushed due to the
predicted instruction fetch path redirection, are instead
retained. The retamned non-predicted instruction path pre-
vents the instruction fetch mechanism from being held up
when a mis-predict occurs for the predicted taken branch.

For the above purpose, IFU 16 recerves input from control
logic 29 within branch processing unit 26. A branch execution
umit (BXU) 27 within branch processing unit 26 manages
execution of imstruction groups associated with branch
instructions. A branch history table (BHT) 25 stores informa-
tion about each branch mstruction encountered (within a limit
of storage of the table, which 1s content-addressed by a subset
of bits from the branch address), and further stores informa-
tion used by BXU 27 to decide which path 1s predicted as the
likely path for a branch instruction. Each entry in BHT 25
includes bits that indicate for each branch, a relative confi-
dence and direction of likely execution for each branch. BHT
235 1s updated as to the direction and strength of actual taken
branch paths at the time of execution of the branch instruc-
tions. The present mvention uses BHT 235 information to
inform control logic 29 to control the relative sizes of instruc-
tion buffer portions 1n IB 28 1n conformity with the quality of
branch prediction for that branch instruction and instruction
thread.

Referring now to FIG. 3, processor mnstruction pipeline
flow within a processor are shown that support the method
and provide an illustration of the apparatus of an embodiment
of the present invention. The instructions for each instruction
thread are fetched from an instruction cache (I-cache) 34,
where they have been loaded for all executing threads, for
example, mnstructions loaded into L1 Icache 20 by cache
interface unit 21 1n FI1G. 2. The address used to select instruc-
tions from I-cache 34 1s provided by an instruction fetch
address register (IFAR). In pipeline cycle cycle-1, multi-
plexer MUX32 selects between addresses for each of a num-
ber of executing threads according to the thread execution
sequence, and the individual addresses for each thread are
provided from multiplexers MUX30A-MUX30N, which
select between a next (sequential) address generated by incre-
menter INC sequential_addr, a redirected address due to a
branch branch_redirect_addr, or an address provided for an
alternate path address alternate_path_addr provided from an
alternate IFAR table 32. The alternate path address alternate_
path_addr 1s the address of a next mstruction following the
last mstruction of the non-predicted branch path instruction
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stream corresponding to the portion of IB 38 allocated for that
instruction thread to store the non-predicted branch path. The
main portion of IB 38 1s used to store nstructions fetched
along a sequential path or the predicted branch path, and the
selection of alternate path instructions 1s determined after the
branch instruction has been executed.

In pipeline cycle cycle 0, the address from 1nstruction fetch
address register IFAR 1s used to access I-cache 34 and branch
prediction structures such as branch history tables 36. The
branch prediction information and instruction retrieved from
I-cache 1s latched and used in the following pipeline cycle
cycle 1. In pipeline cycle cycle 1, branch scan logic 39 deter-
mines whether the instruction 1s a branch, and 1f so, whether
the branch 1s taken or not taken. In the next cycle cycle 2,
instructions are stored in instruction builer (IB) 38. I the
branch prediction for a predicted taken branch has low con-
fidence, the alternate path instructions are also stored in
instruction buffer 38, since the alternate path istructions are
the sequential imstructions following the branch instruction.
The alternate path address 1s calculated and sent to alternate
tetch address register table 32. The alternate path address will
either be the predicted taken address or the next sequential
address, which are already stored and therefore only a selec-
tion between the two addresses 1s required. If the branch 1s a
low confidence predicted not taken branch, then the branch
destination address 1s loaded into alternate IFAR table 32, so
that the alternate path can be fetched when 1dle cycles are
available.

In subsequent cycles cycle 2+, the alternate (non-pre-
dicted) path 1s stored along with the main (predicted) branch
path, until another branch instruction is detected, the portion
of IB 38 allocated for the alternate path 1s full, or a limit on
istruction look-ahead for alternate path fetching 1s met. At
the end of an alternate path fetch group, the next address 1s
written into the alternate IFAR table 32. Also, concurrently
with subsequent instruction {etching, instructions are
decoded and dispatched to the 1ssue unit(s). Once a branch
istruction 1s resolved, 1f the branch was not mis-predicted,
the alternate path portion of instruction bufler 38 for the
instruction thread is flushed. If the branch instruction was
mis-predicted, then the portion of IB 38 that contains the main
path instructions 1s flushed, and structions are retrieved
from the alternate path bufier until the butfer 1s empty. Con-
currently, the alternate IFAR table 32 1s used to fetch the
alternate path instructions into the main portion of IB 38,
which improves performance by greatly reducing the mis-
predict penalty. Once the alternate path butfer 1s emptied, the
instructions are retrieved from the main path portion of
instruction buifer 38.

After each branch instruction is resolved by branch execu-
tion logic 37, the branch history and confidence values are
updated and the buffer portion sizes are adjusted in confor-
mity with the updated confidence values. The instruction
butifer portion sizes can either be dynamically adjusted for
cach next branch instruction for an nstruction thread 1n con-
formity with a branch prediction confidence for the particular
branch instruction (fine granularity) or adjusted i1n conformity
with an overall branch prediction confidence for the 1nstruc-
tion thread. The invention, 1n particular, provides a large
degree of improvement for predicted taken branches that are
mis-predicted. For the predicted taken branch case, the non-
predicted path sequentially follows the branch instruction and
the alternate istruction fetch builers can be filled while the
IFAR 1s redirected to the new branch target address. By
including an address table and previously fetched values for
the not-taken branch path, pipeline stalls due to branch mis-
predictions can be more easily avoided or greatly reduced.
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The amount of space allocated for the non-predicted path,
relative to the predicted path buffer size, 1s generally set to a
value between 0% and 50%, depending on the branch predic-
tion confidence, since any value greater than 50% would limit
the space allocated for the instructions more likely to be used.
Additionally the techmique can be disabled entirely for
instruction threads in which the branch prediction confidence
exceeds a predetermined threshold, e.g., 90%, where the
resources used to fetch the non-predicted path instructions
yield a negative result due to cached arbitration and other
overhead, along with the additional power consumed 1n fetch-
ing the non-predicted branch path.

Referring now to FIG. 4A, an instruction buffer allocation
1s shown 1n accordance with an embodiment of the invention,
for single-threaded mode. The overall instruction butfer com-
prises two butlers IB 40A and IB 40B, which are both used to
store mstructions for the single executing thread. As shown,
all of IB 40A 1s used to store mstructions for the main fetch
path, and IB 40B 1s allocated between the main fetch path and
the alternate (non-predicted branch) fetch path. As shown, the
allocation for the alternate fetch path i1s approximately 15%,
which might correspond to a branch confidence level o1 70%,
il a linear allocation between 0% and 50% 1s used for the
alternate fetch path according a the branch confidence
between zero and one. FI1G. 4B shows an allocation within the
same processor for four executing threads having differing
degrees of confidence with respect to the next branch instruc-
tion. In the example, thread T3 has high branch prediction
confidence, so all of thread T3’s portion of IB 40B 1s allocated
to the main fetch path. Thread T2 has low branch prediction
coniidence, and therefore the main and alternate fetch paths
receive equal butler portion sizes. Threads T0 and T1 have
branch prediction confidences higher than that of thread T2,
but not above the threshold that disables bufler allocation for
the alternate path.

Referring now to FIG. 4, a method for managing thread
executionresources in accordance with an embodiment of the
invention operating within processor 10 1s depicted 1in a flow
chart. At each resolution of a branch (step 50) i1f the branch 1s
determined to be mispredicted (step 31), 1.e., the previous
prediction using the branch history table does not match the
actual outcome, then a low branch confidence counter 1s
incremented (step 52), otherwise the counter 1s decremented
(step 53). ITthe count 1s over a threshold (decision 54) then the
s1ze of the alternate path fetch buffer 1s set according to the
count/confidence (step 55), otherwise 11 the count 1s not over
the threshold (decision 54) the alternate fetch buffer 1s not
allocated (step 56). Initially, the main fetch path 1s allocated

all of the nstruction bufler space, so that the alternate buffer
space 1s elfectively zero. Once the threshold has been
exceeded, alternate path buffer space 1s allocated and the
alternate path buffer size 1s changed dynamically. The branch
prediction quality will have to rise above or fall below another
threshold in order to change the relative size of the instruction
builer portions, providing a dead-band so that the mstruction
builer portion are prevented from re-sizing too frequently.
The process continues until the scheme 1s ended or the system
1s shut down (decision 57).

While the mvention has been particularly shown and
described with reference to the preferred embodiment
thereot, 1t will be understood by those skilled in the art that the
foregoing and other changes in form, and details may be made
therein without departing from the spirit and scope of the
invention.
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What 1s claimed 1s:

1. A method for managing instruction butler resources 1n a
processor ol a computer system, comprising:

storing a first istruction stream corresponding to a more

likely path of a branch instruction 1n a first portion of an
instruction buffer;

storing a second instruction stream corresponding to a less

likely path of the branch instruction in a second portion
of the 1nstruction buffer;
within a control circuit responsive to a branch prediction
umt of the processor, calculating a measure of branch
prediction confidence for a instruction thread; and

from a control circuit within the processor that 1s respon-
stve to the calculated measure of branch prediction con-
fidence, setting a size of the first portion of the mnstruc-
tion buffer and setting a si1ze of the second portion of the
istruction buifer in conformity with the measure of
branch prediction accuracy.

2. The method of claim 1, further comprising determining
whether the measure of branch prediction accuracy 1s above a
predetermined threshold, and wherein the setting sets the size
of the instruction butler resources allocated for the non-pre-
dicted branch to zero in response to determining that the
measure of branch prediction accuracy 1s above the predeter-
mined threshold.

3. The method of claim 1, further comprising repeating said
calculating and setting for an nstruction thread executed by
said processor, whereby a size of the second portion of the
instruction buffer resources 1s adjusted dynamically 1in con-
formity as said measure of branch prediction accuracy
changes.

4. The method of claim 1, wherein the processor 1s execut-
ing 1nstructions for multiple instruction threads, and wherein
the setting allocates the storage in the mstruction bufier in
multiple partitions, each corresponding to one of the multiple
instruction threads, between first and second portions in the
multiple partitions, 1n contormity with the measure of branch
prediction accuracy for each corresponding thread.

5. The method of claim 1, wherein the calculating calcu-
lates the measure of branch prediction confidence for the
instruction thread for each branch instruction, and wherein
the setting sets the size of the first and second portions of the
instruction buffer resource in conformity with the measure of
branch prediction accuracy for a next branch instruction.

6. The method of claim 1, wherein the calculating calcu-
lates a measure of average branch prediction confidence for
the struction thread over multiple branch instructions, and
wherein the setting sets the size of the first and second por-
tions of the 1nstruction bufler resource 1n conformity with the
measure ol average branch prediction accuracy.

7. The method of claim 1, further comprising:

storing an alternate fetch address corresponding to the

non-predicted path;

resolving a taken path of a branch instruction; and

retrieving instructions from the second portion according

to the alternate fetch address if the branch instruction 1s
mis-predicted.

8. The method of claim 7, wherein the retrieving instruc-
tions retrieves mstructions from the first portion after a num-
ber of stored instructions for the non-predicted branch 1s
exhausted.

9. A processor, comprising:

functional execution blocks for executing program nstruc-

tions, mcluding a branch execution unit for executing
branch instructions;

an 1nstruction butfer;
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an mnstruction fetch unit for loading the program instruc-
tions 1nto the instruction buffer;

a branch processing unit for determining that a branch
istruction has been encountered, determining a more
likely path of the branch instruction, and indicating to
the instruction fetch unit to load a first instruction stream
corresponding to the more likely path 1n a first portion of
the instruction builer and a second instruction stream
corresponding to a less likely path 1n a second portion of
the 1instruction bufter; and

a control circuit coupled to the branch processing unit for
measuring a confidence of the determining by the branch
processing unit, and adjusting a size of the first portion
and the second portion 1n conformity with a result of the
measuring.

10. The processor of claim 9, wherein the control circuit
sets the size of the second portion to zero, wherein the branch
processing unit does not load any instructions for the second
instruction stream, in response to the control unit measuring
a confidence that 1s above a predetermined threshold.

11. The processor of claim 9, wherein the control circuit
repeatedly measures the confidence and adjusts the size of the
second portion of the instruction builer for an nstruction
thread executed by said processor, whereby a size of the
second portion of the mstruction buifer resources 1s adjusted
dynamically 1n conformity as said measure of branch predic-
tion accuracy changes.

12. The processor of claim 9, wherein the program nstruc-
tions are program instructions for multiple 1nstruction
threads, and wherein the control circuit allocates the storage
in the mstruction buffer 1n multiple partitions, each corre-
sponding to one of the multiple instruction threads, between
first and second portions 1n the multiple partitions, 1n confor-
mity with the measure of branch prediction accuracy for each
corresponding instruction thread.

13. The processor of claim 9, wherein the control circuit
calculates the measure of branch prediction confidence for
the instruction thread for each branch instruction, and further
sets the si1ze of the first and second portions of the instruction
buifer in conformity with the measure of branch prediction
accuracy for a next branch instruction.

14. The processor of claim 9, wherein the control circuit
calculates a measure of average branch prediction confidence
for the mstruction thread over multiple branch instructions,
and further sets the size of the first and second portions of the
instruction buifer in conformity with the measure of average
branch prediction accuracy.

15. The processor of claim 9, further comprising:

an 1instruction fetch address register for providing a sequen-
tial address into an 1instruction cache for fetching
istructions of the more likely path;

an alternate mnstruction fetch address table for storing an
alternate address 1nto an instruction cache correspond-
ing to the non-predicted path;

a selection circuit for loading the alternate address 1nto the
instruction fetch address register 1n response to the con-
trol logic determiming that the branch struction
resolved to the less likely path.

16. The processor of claim 15, wherein the instruction fetch
unit retrieves instructions from the first portion aifter a number
of stored instructions for the non-predicted branch 1is
exhausted.

17. An 1nstruction fetch circuit for a processor pipeline,
comprising;
an instruction fetch address register for providing a next
instruction fetch address to an instruction cache;
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an alternate mstruction fetch address table, for storing an 19. The nstruction fetch circuit of claam 17, further com-

address of a non-predicted branch path; prising a branch prediction unit for providing an indication of
a branch evaluation circuit; a likely path of the branch instruction, and wherein the alter-

aselector 1or selectmg between an output of the instruction nate istruction fetch address table 1s populated according to
fetch address register and the alternate fetch address s - :
an output of the branch prediction unit.

table, wherein the selector 1s operated 1n response to a

resolution of a branch 1nstruction by the branch evalua- 20. The 1nstruction fetch circuit of claim 19, further com-
tion cireuit, whereby the next nstruction fetcl} address 1s prising an instruction butter indexed by the instruction fetch
redirected to the non-predicted branch path 1t the reso- address register and having two builer portions, one corre-

lution of the branch instruction indicates that the non-

predicted branch is taken 10 sponding to a predicted branch path and one corresponding to

18 The instruction fetch circuit of claim 17. wherein the the non-predicted branch path, and wherein the relative size
selector comprises a plurality of selectors, one for each of a of the two butter portions 1s set in conformity with a measure

set of multiple instruction threads, and further comprising a O_f cpnﬁdepce in the indication provided by the branch pre-
second selector for selecting among the outputs of the plural- diction unit.

: : : : 15
ity of selectors to provide a next value to the instruction fetch
address register. * % % ok ok
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